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Introduction

A rather striking characteristic of the literature on punishment
is the large and still growing disparity between the volumes of thecre~
tical and experimental confributionsu For example, one finds in Boe's
bibliography (this volume, Ch. ) that the very greatly accelerated
output of fesearch on punishment during recent years is sccompanied
by no similar trend with respect to theoretical or interpretive articles.
Also, in most of tbe major learning theories of the past few decades,
tfeatments of punishment are either brief and casual (Guthrie, 1952;
Skinner, 1938) or missing altogether (Hull, 19%3; Spence, 1956; Tolman,
1932), The reason for this curious state of affairs may be in part
that, whereas the interpretation of such processes as acquisition and
retention. 1is universally teken to be a primary task for learning theory,
the treatment of punishment is frequently regarded as secondary, or.

derivative,

The concept of punishment is defined, not with respect to any
unigque class of events involved; but oniy with respect to‘a.particular
relationship of contingency. The types of stimuli used as punishers
all occur in other situations as unconditioned stimuli for classical
defense, egcape, or avoidance conditioning. Ordinarily we speak of
runishment oniy if stimulus which could serve as a basis for one of
these types of conditioning is instead made contingent updn oceurrance
of some specified response. Although it is a logical possibility %that

punishing stimuli have some basic and unique property, for example that




of reducing assocliatbtive strength, which appears only when they are

made contingent upon response occurrences, theoriés.ﬁased on such an
assumption have not fared well, The principal alternafive'view is.that
the effects of punishment should be entirely predictable from properties
of punishing stimuii which can be determined independentiy iﬁ studies
of conditioning which do not involve punishment contingenciesQ The
series of experimental studies of punishment which led to my earlier.
monograph {Estes, 1944) seemed to call Ffor interpretation of the latter
type. Whiie some interpretations of this type have proven.viabié,:éll,
iricluding my own first atbtempt, have in the course of time revealed
major shortcomings.

In.ettempting to assimilate the factual input from the effervescence
of research on punishment during the last few years, I have come to
feel that converging the lines of évidenée trisngulate quife specifiéally
the point at which current interpretations of punishment requiré fevision.
What I should like to accomplish in the present paper i1s to indicate
the nature of this needed revision and to sketch in outline how it
leads. to my own second approximation to a theory of punishment.

By way of general organization, I propose firstly to review the
main experimental facts leading to my 1944 interpretation; secondly, to
evaluate and criticize that formulation in the lighi both of facts
available at the time and of others which have come to hand subsequently;
thirdly, to offer a revised interpretation; and finally, to make at
least a start on the job of assaying the merits of my second approximation

for handling the much larger body of date now available.



I. Empirical Context of Original Formulation

Like mostlpsycholpgists of my generation I was educated_pg_an _
inte;pretation.of punishment growing out of Thqrndike's development
of the law of effect. However, I was not at all comfortable witﬁ the
asymmetry of Thorndike's later formulation, Which held that rewards |
have a direct positive effect on strength ofrthe preceding_re5p§nsg
whereas punishments act only indirectly by somehow increasiné varia-
bility of behavior (Thorndike, 1931, 1935). My dissatisfagtion arose
from both theoretical and empirical considerations. On the one hand?
it was hard to see why'qualitatively'different mechanisms should have
‘evolved to mediate the influences éf the two kinds of after effects on
learning; on the other, the various stages of development and modification
of the law of effect as it pertairs to punishment were based almos@ ex-
ciusively on studies using punishments which involved little or no
elementuof pain or trauma, usually merely indicatlons of incorrectness
of response, The one published study of punishment in an operant
situation prior to 1940, that of Skinner (1938), yielded results in.
seeming agreement With(Thorndike's_conclusions, but also involved énly
fery mild punishment. |

Thus my own series of studies on punishment, leading to the 19§k
monograph , was initiated with a view to seeing whether_more sévere‘
punishments would not yleld effects comparable in uniformity and
mqgnitude to those of rewards. These experiments were uneéuivocal in
showing that a more traumatic stimulus, electric shock, a@ninistéred

_immediately consequent upon bar pressing responses by rats, yielded
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relisble and unifcrm suppression of responding, the degrée and duration
of suppression being directly related to the intensity of the shock and
the duration of the peridd of punishment. These results, whiéh have
been replicated many times by other investigators, led me to feel that

T might have been wrong and that the effect of punishment was simply

the opposite of that of reward, namely to exert a direct weakening
effect on the strength of the punished response.

Just one bit of evidence from these studies did not quite jibe

with this conclusion and ultimately led to my principal series of
studies on punishment. In. all respects but one the effects of punish-
ment seemed to be simply an amplification. of the usual effects of non-
‘reward on a previously food rewarded response. The exception had to do
with recovery from punishment. If, following training of a response
‘with food reinforcement, a series of sessions of extinction is given,
frequéncy of responding simply declines in regular fashion from one‘
sesslon to the next as seen, for example, in the control curve of

Figure 1. If, however, responses during the first extinétion.period
:are“punished,.then, under some cohdiﬁions, the curve of response ffequency
per period does not decline regularly during subsequent sessions of
unpunished extinction but rather exhibits recovery, sometimes réjoining
the control curve at some point, as in the case of the lower experimental
curve in Figure 1, and sometimes exceeding it (compensatory recovery)

as in the case of the upper experimental curve in Figure 1. This figure
is based on data from Experiment ¥ of my 1944 monograph. The essentials

of the experiment are that the control group and one experimental group
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received one hour of four-minute, fixed-interval food reinforcement for
bar pressing after Initial COﬁditioning and the other experimental group
five hours; then all groups received a forty-minute perio@ of extinction
during ﬁhich both experimental groups were punished with shock for all
responses; finally, on four consecutive days all groups received one
hour periods of extinction.

Aside from the partial recovery from the effects of punishments
another feature of this result bears emphasis, namely the fact that
resistance to the effects of punishment varies directly with the
amount of previous training. This relationship has been samewhat
obscured by later studies which have shown in some instances that
resistapce to punishment is essentially unaffected by different amounts
of training under conditions of lOQ% reinforcement. I do not know of
any results in the literature, however, which throw any doubt on the
generslization that resistance to punishment is an increasing function
of the amount of training when training is given with intermittent
relnforcement.

The findiﬁgs concerning recovery suggested strongly that punishment
must invqlve & procesg distinet from simple exiinction and following a
different time course. If punishment and extinction were two glternative
conditions yielding the common result of weakening response strength
(so that the addition of punishment simply accelerated the course of
extinction), then the curves for the experimental groups should have
cqntinued to decline following the period of punislmeny and, in

- particular, should never have crossed the control curve. One par-



' simonious interpretation can be formulated in terms of stimulus
generallzation effects. Since the introductidn of puniéhmént involves
'a novel stimulus, electric shock, which was not present during acquisition,
the shift from punishment pius extinction to simple extinction returns
the organism from a stimulus situation differing drastically from that
of acquisition to one more gimilar to that of acquisition. Hdﬁevér;
this hypothesls would imply.a greater relative recovery effect following
more Intense purishment. Another superficially plaugible interpretation
involves the effects of changes in relative reward value of the”outcomes
of responses. Presumably the combination of punishment and absence

. of food reward Wbuld be the outcome of lowest reward valué; thus &
shift from punishment plus extinction to simple extinetion would in-
volve an increase in rate of responding. As in the case of the general-
ization hypothesis, however, this interpretation would imply greater
relative recovery following more severe punishment, which is certainly
conftrary to fact.

A more promising interpretation was suggested by some iIndependent
sources of evidence which came to hand at just about the time of the
studies of punishment and recovery. I refer to the initial experﬁnenﬁs
on the establishment of the conditioned emotional response (CER)

(Estes & Skinner, 1941) which showed that a stimulus which precedes

a noncontingent shock acquires the capacity of suppressing ongoing
behavior. In view of this finding, it appeared that the effects of
punishment must be due at least in part to the establishment of a CER

to cues which were normally part of the discriminative stimulus complex



for the response, and thus necessarily paired with shock on punishment
trials. | | |

Two major:testable implications of this assumption came immediately
to mind. The first was that it should be possible to mimic the effects
of punishment to some extent simply by giving.periodic electric shocks,
uncorrelated with the animel's behavior, during a period when it was
engaged in responding for food reward. Experiments of this type were
done and the results were generally confirmatory, the effects of non-
contingent shocks being to generate a suppression of operant behavior
with time courses of suppression and recovery generally similar to
those of response contingent punishment. More importantly, 1t should
be possible:following a pericd of response contingent punishment to
accelerate greatly the course of recovery by gilving a period of adap-
tation in the apparatus with the manipulandum for the operant response
removed but with opportunity for extinction of the CER to other cues
normelly a part of the discriminative stimulus complex for the response.
Resulte of experiments of this type are exemplified by the one portrayed
in Figure 2 (from Experiment J of my 194k monograph), Following training
on four-minute fixed interval food reward for bar pressing, both groups
were given a ten-minute peried of response-contingent punishment for
8ll responses, rewsrd being discontinued; then the adaptation group
was placed in the boxes with the leverg removed for two one hour
pericds in order to permit extinetion of the CER to cues of the
experimental situation, the no adaptation group not being exposed to
the apparatus during these periods. During the subsequent six hpuriy

periocds of simpleé extinction, recovery from the effects of punishment
- .



was very greatly accelerated in the case of the adaptation group,
providing rather cogent support for the idea that at least a majof
portion of the normal effect of punishment may be accounted for in

terms of the establishment of a CER.

- IT,  PFirst Approximation %o a Theory of Punishment

The set of results just described, together with those of the .
classical experiments already in the literature concerning effects of
deléy of punishment ané the like, all seemed to point to an inter-
pretation in terms of a. theory which assumes the primary mechanism in
puhiéhment to be the establishment of a CER. Upon an occurrence of
punishment of & response, the punishing stimulus provides a basis for
esteblishing a CER to any cues immediately preceding the evocation of
the punished response, such ag experimentally conbtrolled discriminative
stimuli, cues associated with the manipulandum inirolved9 and to a lesser

'eitent genersl background stimuli. Then on subsequent occasions, when
the animal is exposed to these same cues, the CER will be evoked, leading
to.suppreésion of ongoing operant behavior, including, in particular,.

the previously punished response. The differences helween effects of
response confingent and.noncontingent'punishment would be ihterpreted
simply as s matter of differential opportunities for establishing a

CER to cues closely associated with occurrence of the punished response,
-~ in the case of lever pressing, cues associabed with the lever and

the movement of the lever itseldf,

This mechanism by itself would appear to account for the usual
suppressiVe effects of puniskment and their functional relationships

8
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to intensity of the punishing stimulus, duration of period of punich-
ment, delay of puﬁishment, and differences betweenzcoﬁtingéﬁt énd' |
noncontingeﬁf punlshing stimuil. Further, it allows for différenf
raﬁes of reéovery folloﬁing different smounts of puhishment and also
for the acceleration of recovery by adaptation to stimuli in the
experimental gituations during a period when the punished response is
prevented from occurfing.

The principal limitation of the CER interpretation, relative to
the facts avallable at tThe time of its formulation, was the difficulty
of accounting for instances in which recovery from effects of punishment
could evidently bé deiayed indefinitely by a prolonged périod of severe
punishment.. What seemed to me at that tiﬁe the most parsimonious aug;
menﬁatidn cf the theory to handle this observation was to assume tﬁat
with adequate oppdrtunitj é withdrawal response, incompétible with
execution of the ﬁunishéd regponse, might become conditioned to the
Cﬁes previously leading tb the former; that is the organism.would estab-

lish a conditioned avoidance response (CAR).
III. Evaluation of the CER-CAR Theory

The two factors, CER and CAR, in varying combination, seem to
characterize most interpretations of_punishment espoused by other
investigators down to the present. Both are prominent, for example,
in the major recent reviews of the field by Church (1963), and by
Solamon (196%). The most popular version seems to be a two-stage
combination: The first instances of punishment lead by classical con-

ditioning to establishment of & CER; then some response which terminates
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the conditioned stimuli for the CER, or remofés the animal frém them,
is reinforced by thi§ terminetion (redﬁction of fear.or anxiety). The
instrumental aveidance response thus established beiﬁg in diréct com-
petition with punished regponse, results in its suppression. Different
versions of this interpretation have been presented by Dinsmoor (1954),
though in somewhat different.terms, and Solomon (1964), among_otherﬁ.

The CAR compoment of the dual process interpretation has proven,
in my'estimation, to be the weak link. Firstly, the nétiﬁn that
éuppression of a response by punighment is priﬁarily the result of ifs_
éisplacement by a cqmpeting avoldance response was never founded in
direct observation of the supposed process of avoidance conditioning.
Secondly, the uniformity with.which a response is‘suppressea by punish-
mént of sufficient intensity does not jibe with the extreme difficulty
observed in many situations in establishing avoidance résponses with
sﬁnilér shocks as unconditioned stimull. Further, the time coﬁrses of
the two classes of phenomena are not at all gimilar. Only under a very
few special circumstances does one ever observe rates of avoldance
conditioning comparable to the raies at which suppressive effects of
punishment gppear under a wide range of conditions. Finally, the
effects of the same punishing stimulus ére often obeerved to be ‘gquite
different depending upon whether the punished response has been main--
tained by a positive reward, such as food, or by escape or avoidance.
Frequently responses previously reinforced on an avoidance schedule
are not suppressed by punishment-and may even be facilitated. A1l

~ this iy not to say that in some situetions invelving punishment active
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avoldance responses may not ultimately be established. quever, the
welght of the evidence éeems to me to indicate thét the éonditioning
of active avoidance responses cannot be a necessary condition.for
suppression of & response by punishment, and further, that probabij
the iﬁmediate suppression of ongoing behavior by puniéhment ig a
faciliﬁating, if not neeeésary, condition for the egtablishment of
Iactive avoidance fesponses in the same gituation. |

The notion of suppression of ongoing behavior by a CER consequent
upon the occurrence of punishment seems déscriptively sound so far as
it goes. The condiﬁions under which prompt and uniform suppression of
responding by punishment occursg are preciéely those knowﬁ to be favorable
'for estaﬁlisﬁment of a CER. However, there iz a basic conceptuai weake
ness: Namely, it has never been spelied out in detail why énd how a.CER
suppresses ongoing behavior. Most investigators in this areé ﬁave been
content to nofe that the animsl ''freezes' upon occurfence §f a stimulug
which has preceded shock. .Howevér, the notlon of freezing simply
describes & behavioral phenomenon without eluéidating the process 6r_
mechanism involved. | -

My owﬁ original assumption, though not spelled out either in the
Estes & Skinner (1941) article or in my 1944 monograph, was that a CER
exerts its effects on ongoing behavior sgsentially via stimulﬁs generali-
zation decrement. A sfimulus which precedes shock will become a CS
for a variety of visceral and skeletal réactions all carrying characteristic
interocepti&e and perhaps also propricceptive stimulil. Then.upon the

occurrence of that CS in an operant situation, this barrage of stimuli,
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novel to that situation, will suddénly be elicited and, simply.by:
éhanging the stimulus conditions under whiéh the operant behavior has
been learned, will lead to a decrement in response.rate,
in hindsight I can see three major weaknesseg in this interpreta-

tion. Firstly, as in the case of the avoidance intefpretation,
independént evidence for the assumed process has not been forthcoming.
Secondly, the time course of guppression of behavior by a CER or by
.punishment does not prove similar to the Hime course of a disturbance
_ of behavior by'simple extranecus shimulation. TIn the case of the latter,
.the maximum effect is always manifest upcon the very first triél.in

ﬁhich the extraneous stimull are introduced, with a monotone_course of
recovery as the new. stimuli bécame conditioned ﬁnder the continuing
reinforcing schedule. Gontrariwiseg the effects of punishment generally
inc:ease with repetitions and, if the stimulus is of sufficieﬁt intensity,
ﬁo recovery is observed so long as punishmeﬂt ig continued. Thirdly,
the effects of CER have turnsd outb fo depend upon the nature of the
baseline behavior, the stﬁnulué for the CER suppressing ongoing behavior
if it has been maintained on a positive reward schedule but Tacilitating
éngcing behavior if it has been maintained on an avoidance schedule
(Herrnstein & Sidman, 1948; Wailer & Waller, 1963)., This last result
éould be Brought into harmony with é generalization decrement hypothesis
by means of some plausible additional assumptions, but T thiﬁk it may
be better simply to take it as a straw in the wind peointing toward a

more satisfactory interpretaiion of a somewhat different charsacter.
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IV, Second Approximetion to a Theory of Punishment

In order to simplify the followingrexposition; Irshall bégin with

a few demurrers, for the theory te pe outlined is not intended to be
complete enough to provide a full snd detailed interpretation of a
wide range of _exper:'i_tr_lents on punish:meﬁt, .Firstly, the. conditioning

of active évoidance responses in punishment situations is not an
integral part of my interpretation; however, this is not te deny that
such conditioning may occur. When conditions are sﬁch as.to facilitate
establishment of & CAR, the effecfs of punishment will naturally be
prolonged, but I believe it possible to account for the main facts
sbout punishment without appeal to the learning of competing re5poﬁsesu
Secondly let ug understand that, as Church has brough out nicely in.
. his 1963 review, the punishing stimulus has properties of stimuli in
~general as well as those peculiar to its class, and, further,.that in
_most situations punishing stimuli will have greatér weight.than.ordinary
background cues or discriminative stimuli. The notion of "weight".may
be equated roughly with "aftention Value“ or, in the context of stimulus
sampling theory, the number of associated stimulus elements. (Tﬁe
ideas involved are precisely those that I have previouslj develoPed-
in connection with drive stimuli [Estes, 1958]). Thus, the interpre.—
tation to be gketched in the seguel wiil be limited to the pfiméry
process believed to mediate the distinctive effects of punishment
which cannot be accounted for simply by the effects of the punishing
.stimulus per ée“

.In the light of the ensuing quarter century of regearch, I believe
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now that I was right back in.the early l940's,lboth in éssuming that

the effects of reward and punishment should he essentially symmetrical,
aﬁd slso in concluding that interpretation éf punishmen% requifes:a
separate process rather thaﬁ a slmple weakening of associative sfréngth.
T think that where I went wrong, in the illustrious company of Thorndike,
Skinner, and Hull, among others, was in assuming the effects of reward
fo involve a gimple, direct strengthening of associative connections,
and'thus in locking for the wrong kind of symmetry. What I wish now

to outline is a dual process interpretation of both reward and punish-
ment, with an associative process common to both but with reward, and
:§uﬁishment each involving separate, though symmetrical, effects upon
performance.,

:Unfortunately for convenience of exposition, the organism{s behavior

is not so compartmentalized that one can present a theory of punishment
IWithout reference té other processes having to do with discrimination,
'drive, and reward, among others. As a compromise for our present pﬁrposes5
I shall begin by sketching some modifications in the general statistical
theory of learning présented in eariier papers (e.g., Bstes, 1950, 1959)
that seem to be called for by new sources of evidence on reward and
punighment and then shall indicate how some of the principal phenomena

of punishment can be treeted within the new framework.

A convenlent point of departure is my paper concerned with the
stimulus sampling interpretation of drive (Estes, 1958).  The primary
assumptbion was that the organism's behavior at any time is Jointly

controlied by stimuli of external origin, discriminative stimuli or
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cues, and by stimuli of internal origin, drive stimuli. At any moment
the stimulus population available for sampling by the onganism was
ageumed to comprise elements of both types, the number of cue elements
being a function of such experimenfal manipulations as the presentation
of discriminative stimuli and the number of drive elements boing a
function of such wvariables as deprivation time. Any individual stimulus
element of either type was aésumed to be associated with (or, Qoonnocted
to")} exactly one response at any given time and.the probability of a
response was_assumed to be equal to the pr0portion of the elemento'
currently.sampled, rogardless of origin, associated with the given.
response. That is, cues and drive stimulus elements were assumed no
ke otfictly interchangeable and £¢ combine additively in thoir effecns
on behavior, Furtherg‘the determination of responoe probability by
the stimulus sample was assumed to be exhaustive, That is, given the
makeup of the stnnulus semple, response probablllty was fully specified;
variables hav1ng to do with drive or moﬁivation could influence behav1or
only insofar as they might control the set of stimull in the current
sample.

Within that framework, there were basically only two ways in
which punishment could modify behavior: (1) by directly changing the
state of conditioning of stimulus elemenﬁs previously associated with
the punished response; or (2) by evoking behaviors 1noompatible w1th
the punished response under condltlons conducive %o counter conditioning.
But the many lines of aocumulating evidence briefly surveyed above have

convinced me that the former of these conceptions is incorrect and
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.fhe lattér insufficient. Rather, it appéérs.that the effeéts éf

punishment must primarily be exerted via the weakéning.of motivatioﬁal
. éupport for the punished response in a manner not provided for Bj. |
‘earlier associationistic theories.

I now propose tc replace the assumption of.simple, additive stimulus-
fesponse connections with what may be termed a summation or stimulus
.émplifier, hypothesis. In the reformulation, 1t will be assumed that
the cccurrence of response reguires a summation of inﬁut from stimulus
and.drive sources. Regarding the latter, the primary function of
drives and rewards is to act as, so to speak, stimulus amplifiers.
Except.perhaps in the case of certain reflexes, regponse evocatidn
requires that the stimuli associated with the given response as a
_result of previous learniﬁg or innate organizabion surmate with internally

generated amplifier elements. It would be natural to refer to these

ag "drive elements” but a new term without sco many assoclations may
help avoid confusion with the closely related conception of prdinéry
disgriminative elements which arise from drive-related opérations such
as eabting and fasting.

The pfincipal addition to the structure of earlief stimulus
Sampling theory is that of a source, or generator, of amplifier elements
associated with each of the principal drive systems, e.g., hunger,
thirst, pain. It will bé agssumed thet each of thesé generating sources
provides a certain base rate of input df amplifier elements under é
éiven deprivational or stimulating condition and that local changes

in the input are evcked by the occurrence of traumatic stiﬁuli,
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_ stimuli for consummatory behaviors, and the like,

. Although the précise_form of quantification is not pf_qentral
importance for our presént purposes, the response evogation process
conceived in the new theory may be most easily clarified by comparing it
with that of earlier versions of stimulus sampliing theory. In the former
(zee, e,g;, Estes, 1959; LeBerge, 1959) it is assumed that on any trial
of a learning experiment the orgesnism draws (“perceives”) a sample of
the available discriminative cues, some of which may be connected to the
reference response as a result of preceding learning, some to competing
- responses, and perhaps some to ne;ther, Elements which are not connected
either to t@e reference response or to alternative competing responses
which may occur in the given situation are customarily tgrmed “neutral”
elements (LaBerge, 1959)0 Having drawn a sample of elemsnts 5 J_che__ organism

scansg these singly, the scanning conbinuing until an e;ement is processed
which is connected with a permiggible response, and then that response

ig made overtly. Thus, response latency depends upon the density of
neutral_elements in the samples and the probability of a given refe;ence
_response is equal to the proportion of nonneutral elements in the_sample
which are connected with that response.

In the revised theory, the gampling and scanning processes are
assumed to proceed in the same way, but with one major qualificationn
Namely, when a nonneutral €lement in the stimulﬁs sample_is prpgessgd,

. it will evoke & response only if an amplifier Qlement is sempled simul-
taneously. Under any given drive-reward condition there_is gome pro-

bability that any given element in the sample will be processed

simultaneously with an amplifier element. The latency of the evoked
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response will vary invérsely with this probability, but the probability
of a given reference response relative to competing responses will be
unaffetted.r However, as will be developed in more detail in the sequel,
different stimuli in an experimental situation may, as a result either
of innate organization or of lesrning, have different probabilities of
' being accompanied by amplifier inputs; thus, in effect, the stimuli will
have different weights In response determination.

The way in which.amplifier elements enter into learning can be
“elucidated in terms of one of the positive drive systems, say that
assoclated with hunger; and a negative system, say that associated with
pain. It will be assumed that prior to any learning experiences the
.amplifier input of a given system is connected to a family of stimulus-
response units, those having to do with consummatory behavior in the
case of hunger, those having to do wifh escape, attack, and'other
defensive behaviors in the case of pain. When for example, an animal
beconmes hungry; the base rate of input of amplifier elements to the
'appropriate family of respénses increaseg; this in itself does not. lead
to overt response occurrences, bubt it provides a basils for summation of
amplifier elements with any unceonditioned or conditioned stimulil for
consummatory responses which may become available.

Although we cannot go into detail in this paper, it may be seen
‘that the proposed mechanism for combining effects of discriminative
and drive inputs will account in a natural way for a number of phenomena
which have been awkward to handle in the earlier theory. One of thege

is the commonly observed disparity between the gtrong control of rate

and speed of responding in simple operant situstions by deprivation
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conditions and the difficulty of develcping discriminations based upon
différeht deprivatidn conditione. The fbrmer reiation‘resultsg iﬁ £he
.preséht model, from the.diract‘relationShip betweén.iﬁput of drivé'
émpiifier elements and the probsbility that currently available dis-
criminative cues will receive the summation necessary to léad to response
.evocation, The difficulty of discrimination arises from the fact that,
although the amplifier inputs associated with two drive conditions, say
hunger and thirsth, may.be quite distinct they do not by themselves evoke
ovért respoﬁsesj and the ﬁo?ulations of iﬁteroceptive or proprioceptive
cues.associated with different'dEPrivations have high proportibﬁs.of
element in common. .Secondly, the covariation in stfength, or pfobability
of occurrence, of families of responses as a fuﬁction'bf such 0pérations
as deprivation is more readily handied in ﬁhe revised theory, éinde it

is ﬁb longer-assumed that any particular amplifier element can be
assoéiated with only oﬁe'response at & given time. Thirdly, the
dissociaticn hetween threShdldé determined electrophysiologically and
thresholds determined by behavioral preference tests fits naturally

into the present schema. For example, adrenalectomized rate show a-
merkedly reduced threshold for salt in preference tests but no difference
from normals in electrophysiological determinations (Pfaffmann & Bare,
1950); in the present terms, the result of - adrenalectomy is to increase
the input of amplifier elements t0 a consummatory response.sysﬁem'
involved in the ingestion of salt solutions while the sampling pro-
babilities of gustatory stimuli are unaffected.

The two additional revised assumpbions of greatest import have to

19



- 4o with reciprocal inhipition and with conditioning. Regarding the

former, it 1s assumed that the sctivity of the negative, flight-attack
system results in reciprocal inhibition of the activity of generaﬁors
belonging to positive drive systems. Thus, whereas in meny extant
theories (including Thorndike's formulation of the law of effect, 1931;
Guthrie's contlguity theory, 1952; previously ?ublished accountes of
.statistical learning theory, as Estes, 1959; and perhaps also Hull's
- theory, 1943, l952) an‘account of The suppression of positively motivated
behavicr by punishment must involve appeal to competing responses, in
the present theory the immediaite effect of'punishment isrto reduce_the
.suppiy of amplifier elements needéd for maintenance of the positively
motivated'behavior; This I am inciined to regard as a considerable
‘advantage in view of the long history of meagre success on the part

of many investigators in attempting tq pin down the specific competing

responses evoked by various punishing stimuli.

The assumed conditidning process needs to be spelled out in some
detail since it differs somewhat fram that embodied in my own earlier
theory and, to the best of my understanding, from those of,othe? extant
learning theories. Considering first a positive system, such as that
involved in hunger and food ingestion, the generation of amplifier
elements is assumed to be jointly controlled by deprivation conditions,
which by themselves provide a relatively steady base rate of amplifier
input, and by stimuli, gustatory in this instance, which initiate con-
sumatory behavior, Occurrence of the latter yielde a momentary

increase in amplifier input, which. in turn provides a basis for summation
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and thus facilitation of subsequent.components of the chain of consummatory
résponaes. Thfoughscdﬁdiﬁioﬁiﬁé by contiguity, the capacity of certain
stimuld tolevbke changés in drive input is tfanéférfed to other stimuli
which immediately precede them; over a series of occasions the facilita-
tory effects move backward, thét-is begin to occur anticipatorily. At

 a later Stage in thé cohditioning proceés, cues which occurred prior

to those evoking the féwarded response will generate an inpubt of ‘amplifier
elements facilitating approaéh to.the iat“ser5 aﬁd so on. Thus, after
establiéhment of the behavior chain ieéding'ﬁo reward, the first member
occﬁrs when the organism is exposed to the appropriate discriminafiVe
stimulus and this swmates with amplifier elements genérated by the
exiéting deprivation condition to evoke the first response of the chain.
The feedback consequence of this response is to generaté an increasé

in amplifier:iﬁﬁut which provides a basis for summation; and thus
facilitatés'occurrence.of the behavidrs which follow in the chain;.'

" In the cage of a negati#e system, say that associated with an
electric shock stimulus, the generation of amplifier elements is
bfiginally conffolled only by the painful stimulation itself, then
céﬁsequeﬁge of this input being to provide a basis fof.summatioﬁ'énd
thus to facilitate the occurrence of members of the'flight—attabk
family of behaviors which might occur in the presence of the shbék..

As a result of conditioning by contiguity, this control of what may
be termed negative amplifier input is transferfed frém the shock td
sbimuli immediately preceding it. The anticipatdry occurrence of

the negative input'entailé facilitation of the family of initial responses
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t0 shock and at the same time inphibition of the activity of any positive
drive gystems which might have been controlling the organism's behavior
. Just prior to the shock.

Thus the conseguences of varistions in drive input are quite
different in the twe types of situations. When the hungry animal tastes
food, the regult is a generation of facilitative feedback that locks the
enimal in on the stimulus which initiated the consumatory activity and
helps insure that the chain of consummatory behavior will run to comple-
tion. When the animal makes a re5ponserwhich brings 1t into contact
with a painful stimulus, the result is the generation of feedback which
increases the probability that the organism will break contact with
the_painful stimulus.

It should be noted that conditioning can occur between as well as
within posgitive and negative drive systems. Thus, 1f a shock_is
followed by food, the result will be that the increase in amplifier
input to consummatory behaviors normally following food intake will
come Lo be evoked by the shock as a conditioned stimuius, attenuating
the normally negative effects of the shock. Conditioning will occur,
of course, oniy if shock is not so intense ag to inhibit entirely the
normally positive-response to food which follows. Conversely, if
food precedes ghock, the negative drive input evoked by shock will
coﬁe t0 be evoked by stimuletion from food or cues which preceded it,
thus leading on subsequent occasions to inhibitlon of the facilitative
support for the hunger motivated behavior which initially led to

approaching and ingesting food. A gualitative implication of this
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assumed conditicning process is that if a response is followed by both
reward and puniéhment, ggy food and sﬁock,.and the shock is not so
severe as to inhibit hunger motivated behavior entirely, the animal

should learn to delay the ingestion of food until after the shock occurs.

V. Interpretations of CER and Punishment in the Revised Theory
In order to give a full account of experiments inveolving punishment

it would be necessary to discuss the representation of acquisition and
~extinction within the revised stimulus sampling theory in more detail
than is feasible in the present paper. Thus in order to bring out some
of the disﬁinctive implications of the new theory for phenomgna of
punishment, ;pecifically, let us simply assume an experimental situation
in which a positively_motivated operant response has been_established
and is occurring at some steble rate under thejoint control of dis-
criminativé_stimuli and deprivation-produced amplifier inputr If, now,
the organism.is subjected to the usual CER qonditioning procedure in
a diffe;ent situation, an originally neutral CS being presentgd and
followed by a noncontingent shock, conditioning will occur such_that
after this_training the CS will evoke the negative amplifier input
originally produced by the shock. When, now, the CS is tested in the
operant situation, the conseguent generation of negative elemenﬁs:will
_have_two effects.  Firstly, via the summation process assumed ip the
_ theory; the_p:obability of occurrence of responses belonging to the
| flight-attack family will be increased. Secondly, regardless of
whether any specific overt responsés cccur which would be incompatible

with the ongoing operant behavior, the increase in activity of the
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negative drive system will reciprocally inhibit thé.bésitive syétem
which had provided facilitation for the positively motivated.oﬁerant
‘response, thus producing & decrease in probabllity of the lattef.
The degree of response suppression will be a joint function of the
intensity of the shock and the prevalling level of positive drive input.
An aspéct of the CER experiment which has generally escaped explicit
comment. needs discussion.in view of the recent study by Rescorla (1968),
who has demonstrated the importance of the discriminative contingencies
| involved. During CER training a CS is followed by shock, and after
conditioning has occurred negative drive activity is increased during
both CS and shock presentations with the consequent inhibition of
positive amplifier input. However, termination of the S and shock
are in consequencé uhiformly foliowed by a decreagse in negative input,
with the resulting elimination of the reciprocal inhibition and an
increage in positive amplifier input to the prevailing level.  Thus
tefmination of the C8 and shock become a conditioned signal for iﬁcrease
in the positive input, and. ovef a series of dccasions the suppressién
of behavior by the CS becomes progressively more sharply confined to
the period during which the CS and shock are present. If, on the
contfary, training ﬁefe.entirely nondiscriminative, that is shocks
simply belng given iﬁtermittently in the expe%imental si%ﬁation without
a.preceding signal, then fhe activity of the nega%ive amplifier system
would become conditioned té a varlety of cues In the experimental
situation, all of which woﬁld come to have suppresgive effects; on the

other hand no stimuli would be uniformly correisted with shock termination
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and the recovery of positive input. The result to be expected in this
case would be & diffuse suppression of responding throughout the experi-
mentsl session.

Ag in the earlier theory, the primary mechanism of punishment is
assumed to be the establishment of a CER, the role of the C5 being
taken on by ciies which originally led to the occurrence of the punished
response and thus were temporally contiguous with the onset of the
punishing stimulus and its atfendant increase in negative drive input.
In this interpretation the well kriown importance of temporal contiguity
between response and punishment is simply a corollary; the critical
relation is that between the cues originally initiating the punished.
response and the onset of the punishing stimulus. Experimental arrange-
ments which ingsure that the punishing stimulus will follow closely upon
the response also improve the temporal contiguity between the punishing
stimulus and the discriminative cues.,

-~ As soon as conditioning has occurred, so that cues originally -
leading to a punished response have taken on the function of a €8 for
a CER, the occurrence of these cues will lead to an increase in negetive
amplifier activity. During presentation of this CS, the organism will
suffer inhibition of the positive input which must be available %o
summate with discriminative stimulation in order to evoke the response.
Whereas effects of noncontingent shocks may be expected to be eliminated
entirely during a period of adaptation to the experimental situation
without shock, when conditioned associations between various
apparatus cues and negative amplifier activity can extinguish, recovery

will generally be incomplete during a similar period of adaptation.
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-following response contingenﬁ‘punishment.- In the latter case, not all
of the cues involved in the initiation of the response will be present
during the adsptation pericd, so that the CER will be protected from
complete extinction. For example in the studies of this type that I
reported earlier (Estes, 1944) the punished response was bar pressing
and the adaptation‘period involved exposure to the apparatus with
4the bar removed. During this period the animals might explore the
vicinity of the bar and make some of the movements normally involwved

in gpproaching it, but could not expose themselves to all of the

stimulation previously entailed in bar pressing.

Unlike the earlier theory, the new formulation predicts quite
different effects if CER or punishment procedures are imposed on a
bageline of negatively rather than positivelymotivated behavior.

Suppose, for example, that a CER is established in the usual way but

that the effects of the (S are then tested during a period when the

animal is operating a response manipulandum in order tp escape shock
rather than in order to obtain food. In this casge, the increase in
negaetive amplifier input during the periocd of the C5 will add to rather
than subtract from the level of facilitative input supporting the response.

Although Jjust as in the case of a hunger motivated response, the C5 for

- . the CER will lead to inbhibition of any prevailing positive drive input,

the only relevant effect of this will be to reduce further the pro-
bability of occurrence of positively motivated responsesg which might
wtherwise occur in this situation in competition with the escape

response.
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The effects of response contingent punishment of an escape response
are 00 complex to be handled in any general way at a quaiitative level.
It is clear that the suppressive effects of punishmenf would be less than
for an otherwise compareble positively motivated response and that the
degree of suppression would depend on the relative intensities of the
stimulus being escaped and the punishing stimulus. Specification of
the functional relationships involved and of the conditicng under which
facilitation rather than supﬁression df the punished response might be
expected (as observed in studies of “vicious circle" behavior by Brown,
1964 ; Martin, et al. 1964) must wait upon further examination of the
new theory by methematical or computer simulation methods.

Similarly the effects of shock Tor correct responses in discrimination
learniﬁg (Muenzinger, 1934 ; Foﬁlér & Wischner, 1968) depend upon a
balance of parameter wvalues and cannot be satisfactorily analyZed'ét
a:qualitaﬁive level. If the shock is sufficiently intense, so that
its effectes persist into the subseguent consummstory activity and reduce
the positive drive stﬁﬁulus-input that would norﬁally occur, thep'the
probability of the éorrect response would necessarily be reduced as
compared to an otherwise similar case in which correct responses were
not followed by shock. However, if the intensity of the shock were
loﬁeréd sufficiently and its effects did not diminish the positive input
associated with subsequent ingestive behavior, then the shock woﬁld
' Eecome a C8 for actiﬁity of the positive system. The net result in
ﬁhis instance would be amplification of the effects of discriminative

cues agsociated with the correct choice and a conseguent improvement
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in perfqrmance.

Phenomena having to do with recovery from effects of punisnment
~are of special interest in relation to alternative theories. Although,
again, detailed account of the implicationa of the present formulation
cannot be given without mathematical analysis, some major gualitative
~ predictions can be indicated and the importance of a major distinction
~ between two types of experimental situations elucidated by means of the
illustrative curves presented in Figures 3 and 4. Although the curves
were derived from a quantitative formulation of the ideas presented
in this paper, the curves can be understood without reference to the
zaerivations. Let us consider first an experiment conducted with discrete
ﬁrials, for example g runway experiment in which each trial terminates
with the occurrence of the reference response., If, following a period
of_positively:rewarded trailning, simple extinction is initiated, the
_ probability of the previously rewarded response should decline aleng
a negatively accelerated curve of the form indicated for the centrol
condition in Figure 3. The associative relationship previously estab-
‘lished between discriminative cues for the response and stimull for
consumatory behavior extinguishes over the sequence of trials when
reward no longer follows the response ; and, as the organism’s.tendency
to anticipate positive amplifier activity following a response decreases;
so ‘also does the input of positive elements needed to facilitate respohse
occurrence. If, during the initial portion of the extinction series
each response is punished, then, as indicated in the upper panels of

Figure 3, the animal learns to anticipate shock followlng response
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Filgure 3. -- Illustrative exftinction curves for discrete trial experiment, with a previously

rewarded response (R) reeceiving 10 trials of punishment.by electric shock followed

by simple extinction. Upper panels show the acquisition and extinction of anticipation
of shocks; lower panels, changes in probability of R during punishment and extinetion

(extinction throughout for the control correlation).  The two punishment conditions

in each panel represent different intensities of the punishing stimulus. The left

and right sides of the figure differ only with respect to the parameter ‘governing

rate of extinction of shock-anticipation following discontinuation of punishment.
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occurrences. Conditioning of the tendency 4o anticipate shock follows
a.negativelj accelerated course at.a rate whiéh is directly related

to intensity of the punishing stimulus. The immediate consequence of
this learning is that.negative amplifier activity comes to be evoxed
by the cués which formerly led to The punished response, reducing the
level of facilitative support for the respoﬁse, and thus its probabilisy
of éccurrence, below that of the control group. The value of response
precbability on any trial n for a given punishment curve in Figure 3

is obtained by multiplying the value of the control curve on trial n
by 1-an; where &, denotes the_value of the corresponding anticipatiOn_
of shock function in the upper panel.

If af some point, following trial 10 in the éxample, punigshment is
discontinued, then the tendency to anticipate shock also undergoes
extinction as shown in the right-hand side of each of the upper panels
of the figure. As this ektinction lowers the activity of the negative
system ﬁhich inhiﬁited the.positive irput during the period of puniéhment,
.the input of positive elements egaein becomes available and the curves
of response probabilities for the punished animals approach those of
the controls, as shown in the right-hand side of each of the lower
panels. The_general qualitative predictions for this situvation are
fhat, following the discontinuation of punishment,.recovery will ocecur
but that the rate and extent of recovery will be a function of the
intensgity of punishment. Further, recovery will be dela&ed according
as experimental conditions during punishment (e.g,,'intermittency of

shock) favor resistance to extinction of the anticipation of the
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.punishment. The left and right pahels of Figure 37differ only with

respect to the parameter governing rate of extinction of.shock anticipation
(decreese in aﬁ) following the termination of punishment. Conversely,
recovery will be accelerated according &as jrevious coﬁditions of
reinforcement favor resistance to extinction of the punished response.

It should be noted, in particular, that for the discrete trial situation,
with the assumption that each ftrial continues until the reference respronse
cceurs, there can never be.compensatory recovery, that ls recovery

#hich would carry the curves for the previously punished.animals above

the curve for the control condition.

A compareble analysis is presented in Figure 4 for a typical free
responding operant situatron in which probability of the reference
response is reoorded as a function of time in the experimental situation
(all parameter values being the same as those of the corresponding
curves of Figure 3). The coursze of conditioning of anticipation of
shoek and the effects of this upon response probablllty are essentlally
the same as in the discrete trial case. The important differences

.appear following the discontinuation of punishment. _The predictions

of the theory’ are that, eelillustreted in the figure, for the same
parameters of reward and punishment, recovery will in general de delayed
longer following the termination of punishment in the free responding

situation, but on the other hand compensatory reoovery may occur, with

Derivations are more difficult than in the discrete trial case, and
the illustrative curves of Figure b were obtained by compuber. srmulated
runs of groups of 100" statistical subjects.’
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the curve of response probability for previously punished animals
ultimately cfossing fhe contrél curve éﬁd running:abdve ifrfor é'
time before they ulthnatély convérge fo a:common ééympﬁote.

The resson for these differences in the free responding case is
that extinction of the conditioned associative relatidnship between
.cues involved in the regponse occurrence and the activity of the
negative'drive sjstem evoked by shock can be extinguished only on
occasions when response occurs o that ﬁhe cues are présent in the
abseﬁce of ghock., 1In fhe free operant situation the puniéhed animal
ﬁay ceéSe responding for a considerable period, during which the
' tendency'to aﬁticipate puhishment following fesponées is protected
from éxtinctiqn; thus delaying recovery; but ét'the same time the
tendency to anticipate reward following occurrences of the réference
respdnée is protected from extinction, thus setting'thé stégé fér'
éompensatéry recofery when the effects of punishment do ultimatély'
extiﬁguishn Roth the deléy ih'recovéry and thé compehsation‘wiil be
functions of ﬁhe frequenéy'and intensity of the punishiﬁg Sﬁimﬁlus'
during the preceding period of punishment; with punishment of‘low'
intensity recovery may be_early.with substantial compensation;'with
ﬁunishment of high intensity, recovéry may be so delayed thét no

appreciable‘compensation is ever chserved.
VI. Comparison of the Present Approach with Others

In one respect the present theory represents a simplification of
the currently most widely accepted interpretation of punishment, sglnce

the two principal factors of CER-CAR theory come down to one in the
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present formulation. In my own earlier theory (Estes, 1944) and in
the approach espoused by such recent investigators as Church (1963)
and Solomon (196L4), the principal effects of punishment.involve two
stages, the establishment of a conditioned emotional state? which may
be termed fear or anxiety, and then the learning of avoildance responses,
the reinforcement for this learning.being a reduction of the emotional
state. The interpretation of Dinsmoor (1954) was similar except that
Dinsmoor preferred to speak of the acquisition of aversive prbperties
by stimull preceding the punished response and the learning of competing
behaviors which enabled the animal to escape from the aversive stimulation.
In the present theory the establishment of a CER to cues associated
with the initiation of a punished response ig the primary mechanism
and it is assumed to be a sufficient basis for the characteristic
phencniena of punishment.  Although under sultable clrcumgtances active
gvoidance responses may indeed be learned in situations iﬁvolving
punishment, I believe that these are not necessary to account for the
suppressive effects of punishment. Rather than accounting for the
suppressive effects in terms of avoidance learning, I would say that
the suppression normally occurs first and.sets the stage for aveidance
learning. The main contribution of the latter is to delay or prevent
recovery from the effects of punishment if the aveoidance resfonée Reeps
the organism from re-exposing itself to the stimuli which originally
evoked the punished response.
The present interpretation of drive differs in one major respect

from my own earlier formulations (Estes, 1958). 'In the initial development
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of a stimulus sampling theory of drive. I remained carefully noncommittal
as o whether drive-inducing operations, such ag deprivations, affect
the probébilities of océurrence cnly of interoceptive or of both intero-
ceptive and extercceptive stimuli. Now I propose speciﬁically to |
agsume the latter. The ﬁmﬂediate effect of an increase-in activity of
alty drive system in the‘generation of an input of facilitative, or
amplifier, éiements which surmate with (in the terminology preferred
by some investiggtofs, e.g., Campbell & Sheffield, 1955,.“10wer the
thresholds of ") the set of stimuli, internsl or external in origin,
associated wiﬁh fhe system. One conseqpenée of this facilitatory
input wili be increased sampling probabilities of visceral cues whid
provide the basis for drive discriminations. Another will be the
‘incréased ﬁrdbability tﬁat behaviﬁrs zesoclated with the system, e.g.,
consummatory responses, will be evoked by their discriminative stimuli,
Unlike Hull;s (1943) theory, the presenﬁ formulation gssumes no
general energizing faétor; Rather, acfivity from a particular drive
éyétem will “energize,” fhaﬁ ié facilitate the occurrence of, some
classes of responses and suppress others. The innate organization of
the organism's drive systems is assumed to bhe such that sctivity in
any one gystem originelly leadg to faciiitatien of a family of responses,
éonsummétofy regponses in some cases, flight and attack responses in
others, Then througﬁ conditicning these facilitative effects are
extended to other stimuli and additional stimulus-response units are,
s¢ to speak;.assﬁnilated into the system. On the other hand, one of

the divergences between my original formulation and that of Hull has
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‘been reduced. Whereas in the model sketched in my 1958 paper; effects
of drive varisbles and discriminative stimuli can only combine éddiﬁively
in the determination of response probability, the present assumption is
that the facilitative effect of drive input upon stimulus sampling
probabilities is multiplicative as in the combination of drive and
hebit factors in Hull's theory. There is nc basic distinctior in the
present theory corresponding to that between drive and incentive (D and
K) in Hull's system, except perhaps, the recognition that variations
in activity of drive systems are influenced Tboth by long term conditions
such as deprivation and more-local ones such as unconditioned stimuli
for consummatory behaviors.

The idea of a reciprocal interaction between mechanisms of reward
“and punishment has been put forward, with considerable supporting
evidence, by several recént investigators working within & more
physiological framework, notably Miller {1963) and Stein (196h). In
each of thege proposals, it has been tentatively assumed that rewards
arouse a “"go,”’ or activating mechanism, pessibly hypothalamic in loéﬁs,
which intengifies ongoing behaviors; that punishments arouse a stop”
mechanism, which exeris precisely the opposite effect; and that thege
.mechanisms are to.some extent mutually inhibiting. These notions have
impressed me as exremely promising, and the analyses advanced b& Miller
and Stein have influenced the direction of my own reformulation. |
However, as indicated in preceding sections, a modeil differing in
some specific assumptions from those hitherto proposed appearsto have

some advantages with regard to simplicity and the range of phenomena
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that can be handled. Concerning the suppressive effects of punishment,
in pafticﬁlaf, it seems to me that a “stdb" méchanism opérating directly
on responses would have a more disorganizing effect Qﬁ behévior fhan is
ordinarily observed, and would not readily yield the qualitétively
different effects of punishing stimuli that are well known to occur
under different motivating conditions.

Finally, the notion of feedback is important in the présent theory,
as in a number of other contemporary approaches,. However, the priméry
feedback relation in the present theory is different in important fesPects
from that assumed by, e.g., Mowrer (1960) snd Stein (1964), In both
of the latter approaches, it is assumed thatg as a reéult of a learning
proéess,.reSPOnses which have been followed by rewardé or punishments
come to evoke fa'cilita{tory or inhibitory feedback. However,' the
critical relation is that between the feadback and the response.ﬁhich
evoked it. Thus, Mowrer's approach has been criticized by Miller.(l965)
on the grounds that this type of feedback does not account for the
effects of reward or punishment upon response selection, since the
response must occur before it can generate the positive or negative
feedback. In the present theory, the feedback operates primarily in
g forward rather than a backwdrd direction; that is, d response which
has previously been rewarded comes to instigate the activity of a
positive drive system which facilitates the occurrence of behaviors
that normally fellow in the consummatory chain.

Upon being returned to a situation in which reward has been
obtained, the orgenism is not required by the pregent modei to search

RN .
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its entire response repertoire until it finds a response carrying

positive feedback, as 1s apparently the case in Mowrer's schene.
Rather ,» when the organism samples some cue in the situabtion, the last
assoclated response ls activated, simply as a result of condiiioning
by contiguity. 1If this response was a2 member of a sequence leading to
reward, facilitetive feedback will be generated, increasing the probebility
that the given sequence will run to completion. If not, the stimulus
sampling process continues. The stimulus amplifier theory asgumes a
“major role for a scamming, or VIE, process in response selection, but
it 1s the set of available stimuli which is scanned, not the set of
ﬁéssible Tesponses. The function of rewards occurring on previous
trials is, in effect, to alter the relative welghts of the various
avallable stimuli, and thus to bias the scanning process in. favor of

stimuli whose associated responses have led to reward.

Summary

The theories of punishment considered in this chapter fall into
three main categories which may be denoted, for brevity, (1) unlearning,
(2) new learning, and (3) suppression theories. Accumulating evidence
appesrs to support the decision, arrived at through various routes by
most theorists from Thorndike onward, againsﬁ & ﬁheory of the first
type, which would attribute to response-contingent puﬁishihg stimuli
& unigue property of weakening stimulus response associations. The
most influential thedry of the second type in recent years has been
one assuming a two-stage process, the lmmediate effect of punishment

being to establish a conditioned emotional state which in turn leads
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to the reinforcement of avoidance responses through fear or anxiety
redﬁctionu.rAlthough the learning 6f évoidance résﬁonées;.as'envisaged
in.this interpretation, doubtless occurs in some sitﬁations involving
punishment, I belieﬁe no satisfacﬁory cage has been ﬁade for such &
proéess as a necessary condiﬁion for the principal phenomena of
.punishment. According to the third view, cues originally evoking a
punished response become conditioned stimvuli for a conditioned emotional
reaction which suppresses the ongoing behavior directly, the effécf not
necessarily beiné mediated by any type of direct competition‘between
approach and avoidance responsés, The conclusion of the present feview
.is that the suppfession theory is descriptively'adequaté, but.thét'
.earlier versions are incomplete in that they provide no adequa£e
theoretical basis for the éuppressive effecté,

o In the revised supﬁressioﬁ theofy oﬁtlined in.this paper,.the
primary mechanism of punishment is not a competition.of résponses but
rather a competition of motiwves. The prinéipal assumptions.aré (l)‘
that maintgﬁance of any.type ofrﬁon-reflex behaviér involves the
summation of discriminative or conditioned étimuli with thé iﬁput of
émplifier or, facilitative, elements from drive sources, and (2) fhat
fhe activation of negative drive.sysﬁems by pailn or the anticipation
of pain reciprocally inhiﬁits amplifier input from positive drive
gources, Thus, a stimulus which has‘preceded a traumatic event, e.g.,
shock, as in the typical CER or punishment paradigm, acquires the
capacity of inhibiting the input of amplifier elements from sources

associated with hunger, thirst, and the like. If, then, while the
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animal is performzng an 1nstrumental response for,say, food reward,

thls conditioned stimulus is presented, the fa01litat1ve drive 1nput
Wlll be reduced and so also the probability or rate of the instrumental
regponse. If, on the other hand, the same stimulus is introdueed.while
the animal is performing a response for escape from shock, there will
be no similar reciprocal inhibition between drive sources and thus no

~ suppressive effect. |

The revised theory accounts for the classical parametric relation-
7__ehips_of punishmentustudies,.including effects of delay and intensity
of punishment, and amount of previous training of the punished respenee,
the differences between response contingent and noncontingent punish-
ment, and the attenuation of punishment by adaptation to stimuli.in

the absence of opportunity for responding. Alse, detailed predictions
are derivable regarding the course of recovery frum punishment following

different types of training, including specifications of conditioms

under which compensatory recovery may be expecte&. Finelly, the
revised formuletion appears to represent a distinct advance over'my
eanlier one in that it provides a means of interpreting temporal and
' oféer effects in situations involving both reward and punishment, and
a rat_ionale for the differential effects of punishment upon behaviers

maintained by appetitive and aversive sources of motivations.
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